The main purpose of this research is to study the microbial diversity of actinobacteria, living in "Ezzemoul" and "Djendli" sebkhas soils. These salt lakes are situated in the east of Algeria and they are microbiologically underexploited. Such unexplored ecological niches have been considered by many authors as sources of novel actinobacteria and bioactive molecules. Actinobacteria play an important role in safeguarding the environment by improving plant growth through nitrogen fixation, biodegradation, and bioremediation. Therefore, studying the diversity and distribution of actinobacteria in such special environments is important for determining the ecological and biotechnological roles of these microorganisms. In this article, we focused on the occurrence and the diversity of actinobacteria from sebkhas using two techniques: cultural and culture-independent (molecular cloning). The latter are based on phylogenetic analysis of the 16S rDNA gene. Thus, the cultural method allowed us to obtain 62 isolates: 40 from the "Ezzemoul" site and 22 from the "Djendli" site. These isolates tolerate mainly 2, 5, and 10% sodium chloride (NaCl) and belong to the genera Nocardiopsis, Streptomyces, and Rhodococcus. Moreover, the molecular cloning gave us 39 clones. Twenty-four clone sequences from "Ezzemoul" site are affiliated to the genera Demequina, Plantactinospora, Friedmanniella, and Mycobacterium. Also, 15 clone sequences from "Djendli" site are related to the genera Marmoricola, Phytoactinopolyspora, Streptomyces, and to an unclassified actinobacterial clone. Some sequences from both sites are related to uncultured clones. In addition to the data provided by the cultural method, molecular cloning allowed us to have additional information about the unknown actinobacteria, uncultured ones as well as on the genera that exist in both sites. So, the cultural method is complementary to the culture-independent one, and their combination revealed an important diversity in targeted saline environments. Furthermore, all new isolated strains that tolerate 10% NaCl may have a very interesting biotechnological potential in the future. ABSTRACT Actinobacteria; sebkha; culture; cloning; 16S rRNA gene; phylogenetic biodiversity KEYWORDS
Actinobacteria especially actinomycetes are ubiquitous microorganisms. They are mainly prevalent in the soil (Oskay et al. 2004 ). These bacteria are responsible for the degradation of organic matter and produce many bioactive compounds (Naikpatil and Rathod 2011) such as vitamins, enzymes, antiparasitics, antivirals, immunostimulants, immunosuppressants, nutrients, and cosmetic products. They are well known for the production of antibiotics. Around 80% of the latter in the world come from actinomycetes mainly from the genus Streptomyces (Pandey et al. 2004) . Several recent studies in Algeria have proved the importance of certain Actinobacteria in aflatoxin B1 reduction (Lahoum et al. 2017) , enzyme production (Gasmi and Kitouni 2017) , and fungicide degradation (Hocinat and Boudemagh 2015) . Among the Actinobacteria, those that are halophilic or halotolerant create interest in both taxonomic and biotechnological point of view. Extreme ecosystems, not or a little bit exploited, represent a coveted field of research where rare or new microbial species that may have an interesting production potential are targeted. Wetlands are biologically one of the most important and the most productive ecosystems in the world (Bedford et al. 1999 ). There are several important wetlands in Algeria like chotts, sebkhas, or salt lakes. Among them, 50 have an international importance and they are classified as Ramsar sites. Most of them are endorheic and are qualified for their wide variety of species (Balla 2012) .
In this research, we studied Actinobacteria in two sites: the Ezzemoul and Djendli sebkhas, which are parts of the "Hauts Plateaux" region. It is located in the northeast of the country. This region is characterized by a semiarid climate. So,
INTRODUCTION
this type of climate causes the salinization of soil (Rengasamy 2006) .
The wetlands that have been chosen for this research are a bit studied and not still very detailed, except some pedological studies (Chenchouni 2009; Aliat et al. 2016) and several others studying the diversity of fauna (Aberkane 2014; Bellagoune 2015) , flora (Chenchouni 2009; Neffar et al. 2016) , and certain halophilic microorganisms (Kharroub 2007) , including actinomycetes (Kitouni et al. 2005; Boughachiche et al. 2016) .
Until now, there is little or no research on the taxonomy of Actinobacteria in the ecosystems chosen for this study. According to Vartoukian et al. (2010) , most of the microorganisms that can be observed in the environment are generally not cultivated by using traditional culture techniques; and thus, the majority of the microflora remains undetected. This limitation can be solved by the application of culture-independent methods to reveal the presence of non-culturable populations and estimate microbial diversity in nature (Cocolin et al. 2013; Hozzein 2015) . Nevertheless, culture remains useful for understanding the metabolism and functions of microorganisms (Pham et Kim, 2012) . Therefore, the main aim of this article is to explore the actinobacterial biodiversity in the soil of the Ezzemoul and Djendli sebkhas, using cultural and cultureindependent (the culture-independent approach is molecular cloning) approaches. These two approaches are based on phylogenetic analysis of the 16S rDNA gene.
MATERIALS AND METHODS

Sampling
According to the Pochon and Tardieux (1962) method, six soil samples were taken in the northeastern region of Algeria from two different sites: the Ezzemoul sebkha (latitude: 35° 53′ 14″ North, longitude: 06° 30′ 20″ East) and the Djendli sebkha (latitude: 35° 43′ 15″ North, longitude: 06° 32′ 23″ East). Samples were frozen in the field and stored during transport on dry ice for molecular work. Those intended for the other works were kept at 4°C.
Physicochemical analysis of samples
According to referenced methods, three samples of soil from each site were subjected to physicochemical analyses of pH (Pochon and Tardieux 1962) , of electrical conductivity (EC) (Richards 1954) , of moisture and organic matter content (Lee and Hwang 2002) , and of particle size (Dupain et al. 2000) .
Isolation, enumeration, and conservation of Actinobacteria
After drying, 2 g of soil of each sample were diluted four times in sterile physiological water (NaCl 9 g/L) and homogenized. Each dilution (100 μL) was spread on the surface of ISP5 medium (Shirling and Gottlieb 1966) supplemented with 2, 5, 10, and 15% NaCl in order to target the slight, moderate, and extreme halophilic actinomycetes; an antifungal agent (nystatin at 50 μg/L) and an anti-Gram-negative antibacterial agent (polymyxin at 20 μg/L). Petri dishes were incubated at 30 °C for 3 weeks. Actinobacterial colonies were enumerated using an automatic counter and estimated in CFU/g. They were purified and stored at −20°C on the same antibiotic-free isolation medium and in the presence of 50% (v/v) glycerol.
Genomic DNA extraction and 16S rDNA amplification of actinobacterial isolates
From the genomic DNA extracted by heat shock technique (Queipo-Ortuño et al. 2008) , the gene 16S rDNA was amplified by polymerase chain reaction (PCR), using the universal primers 27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5'-GGT-TACCTTGTTACGACTT-3′) (Lane 1991) . The PCR was carried out in a thermocycler (Eppendorf) in a final volume of 25 μL containing 16.35 μL of sterile pure water (Sigma Life Science), 2.5 μL of the 10X buffer with 15 mM magnesium chloride (MgCl 2 ) (Roche), 2 μL (2.5 mM) deoxynucleoside triphosphate (dNTP) (Roche), 2 μL (10 μM) of each primer (GATC Biotech), 0.15 μL of AmpliTaq DNA polymerase 5U/μL (Roche), and 2 μL of extracted DNA. The PCR program is as follows: 4 min at 95°C (initial denaturation), followed by 30 cycles of 30 s at 94°C (denaturation), 1 min at 54°C (hybridization), 1 min at 72°C (elongation), and then 10 min at 72°C (final elongation).
Environmental DNA extraction, actinobacterial 16S rDNA amplification, and cloning
The whole DNA was extracted from 500 mg of each soil sample using the FastDNA™ Spin Kit for Soil and the FastPrep ® instrument (MP Biomedicals) according to the manufacturer's recommendations. The extracted DNA was purified using the Illustra™ MicroSpin™ S-400 HR Columns Kit (GH Healthcare), according to the manufacturer's instructions. The 16S rDNA gene (approximately 640 bp) was amplified by PCR using actinobacterial specific primers S-C-Act-235-a-S-20 (5 ′ -CGCG-GCCTATCAGCTTGTTG-3′ ' forward) and S-C-Act-878-a-A-19 (5′-CCGTACTCCCCAGGCGGGG-3′, reverse) (Stach et al. 2003) . The PCR mixture (50 μL) contains 37.7 μL of sterile pure water (Sigma Life Science), 5 μL of the 10X buffer with 15 mM MgCl 2 (Roche), 2 μL (500 μg/μL) T4gp32 Bulk (MP Biomedicals), 1 μL (10 mM) of dNTP (Thermo Fisher Scientific), 1 μL (10 μM) of each primer (Eurofins Genomics), 0.3 μL of AmpliTaq DNA polymerase 5U/μL (Roche), and 2 μL of purified extracted DNA. The amplification was carried out using the touchdown protocol: 4 min at 95°C (initial denaturation), 10 cycles (during which the hybridization temperature decreased by 0.5°C/cycle): 45 s at 95°C (denaturation), 45 s at 72°C (hybridization), and 1 min at 72°C (elongation), followed by 20 other cycles with the same preceding steps except that the hybridization temperature was 68° C, and then 5 min at 72°C (final elongation). Two separate PCR amplifications were performed for each sample. Their products were pooled and purified by the GenElute™ PCR Clean-Up Kit (Sigma-Aldrich) according to the manufacturer's instructions. The pooled and purified amplicons were first cloned using the pGEM ® -T and pGEM ® -T Easy Vector Systems (Promega) using the pGEM ® -T Vector and E. coli JM109 highefficiency chemical-competent cells, according to the manufacturer's recommendations. Second, cloning was carried out using TOPO ® TA Cloning ® Kit for Sequencing (Invitrogen, Life Technologies) with E. coli electro-competent cells (One Shot ® DH5α™-T1R) according to the manufacturer's instructions. All positive clones were selected and examined by colony PCR using the vector-specific primers.
Purification, sequencing, and sequences analysis
The PCR products from the cultural and culture-independent methods were purified according to the protocol of the Il-lustra™ ExoStar™ 1-Step Kit (GE Healthcare, Life Sciences) and sequenced. Sequencing was conducted in the sequencer (AB3730, 48 capillaries, Applied Biosystems) according to the Big Dye Terminator protocol Kit ver.3.1 (Applied Biosystems).
All sequences were analyzed by ChromasPro software ver.1.5 (Technelsium Pty Ltd). Clone sequences were analyzed and corrected manually. Primers and vector sequences were eliminated, and the chimeric sequences were verified by DECIPHER's Find Chimeras online tool (Wright et al. 2012 ). Non-chimeric sequences were compared to other sequences in the EzBioCloud database (Yoon et al. 2017) as well as to GenBank of the NCBI site by the BLAST program (Altschul et al. 1990 ). Multiple alignment of sequences was achieved by the CLUSTAL X 2.0.12 program (Larkin et al. 2007 ). The results of multiple alignment by the CLUSTAL X program of the 16S rDNA gene sequences showed that the sequences did not have the same length. This required manual corrections before their use by the MEGA software, which uses the algorithm of progressive multiple alignment CLUSTAL W. It has been proved that the quality of the alignment could have an impact on the final tree. So, it is as important as the method of construction used and it can be more important (Ebihara et al. 2006 ). The preparation of an alignment of quality is, therefore, a critical step in any phylogenetic analysis. The rooted phylogenetic trees were constructed with the MEGA ver.6.0.6 program . According to the neighbor-joining method (Saitou and Nei 1987) , the distance matrix was computed according to the Kimura model with two parameters (Kimura 1980) . Topology of trees was evaluated by bootstrap analysis with 1000 replicates (Felsenstein 1985) .
All actinobacterial sequences appear in GenBank with accession numbers MG597500 to MG597561 for cultivated isolates and MG601182 to MG601220 for uncultured clones.
RESULTS
Physicochemical analyses of soil samples
The average values of the physicochemical characteristics of the soil samples of the Ezzemoul and Djendli sebkhas are presented in Table 1 .
Referring to the pH interpretation scale (Gagnard et al. 1988) and EC values (Richards 1954) , the soils of the Ezzemoul and Djendli sebkhas are alkaline and extremely salty. According to the Lee and Hwang (2002) classification, our soils are characterized by low rates of moisture and organic matter. According to the triangle of mineral textures (Eswaran et al. 2002) , the texture of these soils is silty-clayey-sandy.
Enumeration of actinobacterial isolates
The average values of the number of Actinobacteria that developed on the ISP5 culture medium containing different concentrations of salt (Table 2 ) vary from 0 to 34.7 × 10 4 (CFU/g) in "Djendli" site and are higher than those of "Ezzemoul" site, which vary from 0 to 5.65 × 10 4 (CFU/g). However, the total number of colonies that could have been purified and stored for this study is higher in the Ezzemoul site (40) than that in the Djendli site (22). In both sites, no colony was counted at 15% NaCl concentration. The greatest number of Actinobacteria was observed at 2% NaCl concentration.
Phylogenetic analysis of actinobacterial isolates
The 16S rRNA genes of 62 actinobacterial isolates were sequenced: 40 of "Ezzemoul" sebkha and 22 of "Djendli" sebkha. Sequence analysis of "Ezzemoul" site (Figs 1 & A1) revealed the presence of three genera: Nocardiopsis, Streptomyces, and Rhodococcus. The genus Nocardiopsis dominates with 95% of isolates, which belong to four different species.
Thus, almost half of the isolates are affiliated to the N. dassonvillei species with identity percentages of 98.38-99.93%, followed by 35% of N. lucentensis with 99.35-100% identity, 10% of N. aegyptica with 99.07-99.57% identity, and 2.5% (one isolate) of N. synnemataformans (with 100% identity).
The identity percentage 98.38% of isolate ED43 with N. dassonvillei is below the threshold 98.7% that separates the new species (Stackebrandt and Ebers 2006 In addition to its presence in the Ezzemoul site, the species N. aegyptica of the genus Nocardiopsis is also detected in the Djendli site and is related to 18.18% of the isolates with 99.71-99.79% identity.
Phylogenetic analysis of actinobacterial clones
Due to an insufficient number of recombinant colonies, we have used two methods of cloning. Twelve clones are from the first method (using the pGEM ® -T vector) and 48 are from the second method (using the pCR ® 4Blunt-TOPO ® vector). The total of 60 clones was sequenced and subjected to phylogenetic analysis, based on 16S rDNA. Twenty-one chimeric sequences were removed from the study. All sequences could be regrouped into seven families of Actinobacteria: Demequinaceae, Streptomycetaceae, Micromonosporaceae, Jiangellaceae, Mycobacteriaceae, Propionibacteriaceae, and Nocardioidaceae. Adding to that, there is a group of unclassified Actinobacteria and two clusters composed of members do not belong to the class Actinobacteria (Figs 2 & A3) .
The 24 clones derived from the soil of Ezzemoul (EZ) site are affiliated to uncultured clones (20.83%) and the following four genera: Demequina (dominant with 62.5%), Friedmanniella (4.16%), Mycobacterium (4.16%), and Plantactinospora with 12.5%. The latter corresponds to clones EZ1, EZ10, and EZ16, which are related to the clone obtained from the alkaline saline soil of Lake Texcoco in Mexico (Valenzuela-Encinas et al. 2009 ). These genera belong respectively to the different families: Demequinaceae, Propionibacteriaceae, Mycobacteriaceae, and Micromonosporaceae. 16.16% do not belong to the class of Actinobacteria (cluster I and II) (Figs 2 & A3) .
Concerning the soil of the Djendli (DJ) site and from 15 clones, three genera were detected: Marmoricola (13.33%), Phytoactinopolyspora (6.66%), and Streptomyces (6.66%). They belong respectively to the families: Nocardioidaceae, Jiangellaceae, and Streptomycetaceae. The clone DJ77 (6.66%) is an unclassified actinobacterium. These results, and in particular those of genera, are very different from those found in the Ezzemoul site. Contrary to the latter, more than half of the clones (66.66%) of the Djendli site do not belong to the class Actinobacteria (cluster I and II) and the majority of them (73.33%) are linked to uncultured clones (Figs 2 & A3) .
DISCUSSION
The physicochemical analysis (Table 1) showed that the soils of "Ezzemoul" and "Djendli" sebkhas are mainly characterized by their very high salinity and their alkaline pH. The phenomenon of salinization is not only due, chiefly, to the rarity of the rain that is used to transport the salts, but also to the high rates of evaporation that are characteristic of regions with arid and semiarid climate. These soils are also silty-clayey-sandy and have low rates of moisture and organic matter. In general, our results are consistent with those reported by Chenchouni (2009) and Aliat et al. (2016) . The physicochemical characteristics may act as potential factors influencing the number, growth, and composition of the actinobacterial community in the studied soils.
After isolation and counting of actinobacteria (Table 2) , it is 2% NaCl concentration that allowed us to obtain the greatest number of bacteria in "Djendli" (34.7 × 10 4 CFU/g) and "Ezzemoul" (5.65 × 10 4 CFU/g) sebkhas. Forty viable actinobacteria were recovered from the salty soils of "Ezzemoul" and 22 from those of "Djendli." Our results are higher than those found by Okoro et al. (2009) in salty soils of Chile, who used different recovery media. Also, our isolates tolerate only 2, 5, and 10% NaCl. It can therefore be concluded that the bacteria in this study are slight and moderate halophiles or halotolerants. . Figure 2 . Neighbor-joining tree showing the phylogenetic relationships between the partial actinobacterial 16S rRNA gene sequences cloned from "Ezzemoul" (EZ) and "Djendli" (DJ) sebkhas and their closely related sequences from the EzBioCloud database. The very close sequences are not represented on the tree. Bootstrap values above 50% (for 1000 replications) are shown. The scale bar indicates 0.02 substitutions per nucleotide position. M1 and M2 respectively represent the first and second cloning methods whose clones are derived. Salinivibrio costicola (X74699) is used as an outgroup.
. The results of the cultural method and molecular cloning revealed the presence of several genera and groups of actinobacteria in the sites of Ezzemoul and Djendli. It should be noted that the species Streptomyces thinghirensis, Candidatus Streptomyces philanthi, and Marmoricola pocheonensis, identified from both methods, were detected for the first time in the extremely salty soils. After culture, phylogenetic analysis of the 16S rDNA sequences of "Ezzemoul" and "Djendli" isolates (40 and 22, respectively) showed the existence of three genera: Nocardiopsis, Streptomyces, and Rhodococcus (Figs 1,  A1, & A2) . In the salty soil of Ezzemoul (Figs 1 & A1) it is the genus Nocardiopsis that dominates with more than 90% of sequences. These sequences are represented by four species: N. dassonvillei (50% of sequences), followed by N. lucentensis, N. aegyptica, and N. synnemataformans with identity percentages ranging from 98.7 to 100%. The genus Rhodococcus represents a minority and is detected only in "Ezzemoul" site. On the other hand, in the salty soil of Djendli (Figs 1 & A2) , it is the genus Streptomyces that dominates with more than 80% of the sequences. These sequences belong to six species: S. xantholiticus, S. albidoflavus, S. thinghirensis, S. marokkensis, S. philanthi, and S. violascens with identity percentages ranging from 99.21% up to 100%. Many species of Nocardiopsis are of a halotolerant nature, and they are isolated from desert soils and marine environments (Bennur et al. 2016) . Those of Streptomyces can adapt to high salt concentrations in soils (Sudnitsyn 2009 ). Studies have reported that members of the genus Nocardiopsis were predominant in some desert soils in Algeria (Meklat et al. 2011 ) and in saline soil in China (Lv et al. 2006) . Those of the genus Streptomyces were predominant in other saline soils in China (Cai et al. 2009 ) and in India (Jose and Jebakumar 2013) . Rhodococcus species can occupy several habitats such as soil, water, air, plants, and animals. Some have been found in the marine environment (Li et al. 2012 ) and very few have been described in saline soils (Táncsics et al. 2017) .
Regarding the culture-independent method, phylogenetic analysis allowed us to retain 39 clone sequences. In "Ezzemoul" sebkha (Figs 2 & A3), there are nearly 21% of uncultured clones and four genera: Demequina, Plantactinospora, Friedmanniella, and Mycobacterium. The genus Demequina has already been found by cultivation methods in the marine environments of South Korea (Park et al. 2016) and Japan (Hamada et al. 2013) , in the saline soil of the Japanese mangrove (Matsumoto et al. 2010) , in a salt marsh plant in Portugal (Fidalgo et al. 2016) , and even in the permafrost of the Arctic Highlands of Norway (Finster et al. 2009 ). Plantactinospora species have been mainly isolated from Chinese plants (Guo et al. 2016 ). The genus Friedmanniella has been isolated in China from an unsalted soil (Zhang et al. 2013 ) and from various habitats in the world such as plants (Tuo et al. 2016) , activated mud moss (Maszenan et al. 1999) , sandstone (Schumann et al. 1997) , air (Kim et al. 2016) , hypersaline lake water (Lawson et al. 2000) , and spiders and their webs (Iwai et al. 2010) . The genus Mycobacterium is known for its pathogenicity in human beings and animals. It is mostly isolated from clinical specimens (Vasireddy et al. 2016) . Some are isolated from soil and water (Peeters et al. 2016) . The species M. algericum has been discovered for the first time in Algeria in goat lung lesions (Sahraoui et al. 2011) . In "Djendli" sebkha, there are three genera: Marmoricola, Phytoactinopolyspora, Streptomyces, and an unclassified actinobacterium (DJ77). Most clones are uncultured (over 70%).The genus Marmoricola comes from several places in the world such as the agricultural (M. pocheoensis) and forest soils (Dastager et al. 2008; Lee et al. 2016) , the marine environment (Maszenan et al. 1999) , marble (Urzì et al. 2000) , and volcanic ashes (Lee et al. 2011 ). The genus Phytoactinopolyspora was recently discovered in China. The known species are halotolerant. Some are isolated from saline soils (Ji et al. 2017 ) and others are derived from plants (Li et al. 2015) . Several species of the genus Streptomyces were detected by the cultural method and only one (S. glaucus) was found by molecular cloning. Several clones in both sebkhas do not belong to the class Actinobacteria and are represented by two Clusters (Figs 2 & A3) . Cluster I represents a phylotype that does not have a valid name yet. Ghai et al. (2013) suggested a new subclass "Candidatus Actinomarinidae" with an Actinomarinales order, which includes uncultured marine Actinobacteria with low GC%. However, this division does not still exist in the classification. Cluster II represents unclassified members of the family Iamiaceae of the class Acidimicrobiia belonging to the phylum Actinobacteria (Norris 2012) .The members linked to these two clusters are not a part of the class Actinobacteria, whereas the primers used in this study are supposed to be specific to this class (Stach et al. 2003) . This could be explained by the lack of specificity of these primers. This point has already been reported by Song et al. (2009) , while other researchers (Piao et al. 2008 ) have found the efficiency of these primers.
The results obtained by the cultural method are clearly different from those achieved by the culture-independent method (molecular cloning) in the two study sites, except from the genus Streptomyces that was reported simultaneously by both methods in the Djendli site. Therefore, the cultural method is complementary to the culture-independent method and their combination can give a good description of the actinobacterial diversity in the salty soils of sebkhas. Based on the comparison of the two methods, our results may agree with those of other researchers (Borsodi et al. 2013 ) who studied the diversity of Bacteria and Archaea in saline environments.
CONCLUSIONS
This research was the first to study the diversity of Actinobacteria in "Ezzemoul" and "Djendli" sebkhas soils in Algeria by combining two methods: one cultural and the other by molecular cloning. Based on the 16S rRNA gene, our primary data indicated that the actinobacterial community is very diverse. Besides the genera Streptomyces and Nocardiopsis found in the two studied sites (with the probability of the presence of a new species of the genus Nocardiopsis in the Ezzemoul sebkha), many other different genera were detected with some unknown members and not belonging to the class Actinobacteria. In addition, all our new isolates that tolerate 10% NaCl may be important candidates for biotechnological applications. Figure A1 . Neighbor-joining tree showing the phylogenetic relationships between the nearly complete 16S rRNA gene sequences isolated from "Ezzemoul" sebkha and their closely related sequences from the EzBioCloud database. All sequences are represented. Bootstrap values above 50% (for 1000 replications) are shown. The scale bar indicates 0.02 substitutions per nucleotide position. EO, (EC, ES) , and ED are isolates from 2%, 5%, and 10% of NaCl concentrations, respectively. Salinivibrio costicola (X74699) is used as an outgroup.
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. Figure A2 . Neighbor-joining tree showing the phylogenetic relationships between the nearly complete 16S rRNA gene sequences isolated from "Djendli" sebkha and their closely related sequences from the EzBioCloud database. All sequences are represented. Bootstrap values above 50% (for 1000 replications) are shown. The scale bar indicates 0.02 substitutions per nucleotide position. DK and DH are isolates from 2% and 5% of NaCl concentrations, respectively. Salinivibrio costicola (X74699) is used as an outgroup.
. Figure A3 . Neighbor-joining tree showing the phylogenetic relationships between the partial actinobacterial 16S rRNA gene sequences cloned from "Ezzemoul" (EZ) and "Djendli" (DJ) sebkhas and their closely related sequences from the EzBioCloud database. All sequences are represented. Bootstrap values above 50% (for 1000 replications) are shown. The scale bar indicates 0.02 substitutions per nucleotide position. M1 and M2 respectively represent the first and second cloning methods whose clones are derived. Salinivibrio costicola (X74699) is used as an outgroup.
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